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(54) Chuck and electric-component mounting system 



(57) A chuck (72; 142) for holding an object (134), 
including one or more linear motors (80) which include 
one or more linear stators (82; 1 44), two or more moving 
members (84, 86; 138-141) which are movable along 
the linear stator or stators, Independent of each other, 



and one or more guide members (88) which guide each 
of the two or more moving members along the linear sta- 
tor or stators, and two or more holding members (108, 
109) which are supported by the two or more moving 
members, respectively, and which cooperate with each 
other to hold the object. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a chuck which 
holds an object such as an electric component and also 
to an electric-component mounting system which 
mounts an electric component on a circuit substrate 
such as a printed wiring board. 

Discussion of Related Art 

[0002] There is known an electric-component (EC) 
mounting system which includes a chuck for holding an 
electric component (EC) and moves the chuck holding 
the EC to a circuit substrate to mount the EC on the sub- 
strate and thereby produce an electric circuit. The con- 
ventional chuck includes a pair of holding jaws, and an 
opening and closing device for mechanically opening 
and closing the jaws by moving the jaws symmetrically 
with respect to the center of the chuck. Thus, the chuck 
can hold the EC such that the center of the EC is aligned 
with that of the chuck. 

[0003] However, the conventional chuck including the 
mechanical opening and closing device cannot largely 
change the respective positions of the holding jaws be- 
cause of the mechanical structure of the opening and 
closing device. Therefore, the conventional chuck can- 
not hold different sorts of ECs having largely different 
sizes. In addition, the chuck cannot hold an EC having 
an asymmetric shape such that a desired portion of the 
EC is aligned with the centerline of the chuck. 
[0004] While the above discussion relates to the 
chuck for holding the EC, the same problems as indicat- 
ed above occur to other sorts of chucks for holding other 
sorts of objects. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the present invention 
to improve the degree of freedom of a chuck with respect 
to its function of holding an object. 
[0006] In a first aspect the present invention provides 
a chuck comprising: 

at least one motor which includes at least one stator, 
two movable members each of which is independ- 
ently movable relative to the stator, and at least one 
guide member for guiding each of the movable 
members relative to the stator; and 
two holding members each of which is supported 
by a respective movable member, and which coop- 
erate with each other to hold an object. 

[0007] According to a preferred embodiment of the 
present invention, there is provided a chuck for holding 



an object, comprising at least one linear motor which 
includes at least one linear stator, two moving members 
which are movable along the linear stator, independent 
of each other, and at least one guide member which 

5 guides each of the two moving members along the linear 
stator; and two holding members which are supported 
by the two moving members, respectively, and which co- 
operate with each other to hold the object. 
[0008] The linear motor may include a single linear 

10 stator common to the two moving members, or two lin- 
ear stators for the two moving members, respectively. 
In the former case, each one of the two moving mem- 
bers may be moved over the middle or center of the sin- 
gle linear stator, toward the other moving member. In 

15 the latter case, the linear motorcan be said as two linear 
motors each of which includes a corresponding one of 
the two linear stators and a corresponding one of the 
two moving members. 

[0009] In the present chuck, the two holding members 

20 are supported by the two moving members of the linear 
motor that are movable independent of each other 
Therefore, the distance between the two holding mem- 
bers can be largely changed more easily than the con- 
ventional chuck including the mechanical opening and 

25 closing device. Thus, the present chuck can hold vari- 
ous sorts of objects In a wider range. The two holding 
members may be two external holding members which 
externally engage an outer surface or surfaces of an ob- 
ject and thereby hold it, or two internal holding members 

30 which engage an inner surface or surfaces of an object 
having an inner space and thereby hold it. 
[001 0] Preferably, the chuck further comprises means 
for rotating the linear motor about an axis line perpen- 
dicular to a lengthwise direction of the linear stator. 

35 [0011 J Since the present chuck includes the chuck ro- 
tating device which rotates the linear motor, the chuck 
can change the current angular phase of the object (e. 
g., electric component, EC) held by the two holding 
members, to any desirable angular phase. For example, 

"^0 the chuck can change the current angular phase of an 
EC to a prescribed angular phase thereof relative to a 
circuit board, before the EC is mounted on the board. 
[0012] Preferably, each of the two moving members 
comprises an attaching member to which a correspond- 

45 ing one of the two holding members is detachably at- 
tached. 

[001 3] Since the two holding members are detachably 
attached to the respective attaching members of the two 
moving members, the current sort of holding members 

50 may be replaced with a new sort of holding members, 
depending upon the sort of new objects to be held next 
by the chuck. Thus, the present chuck can hold various 
sorts of objects in a wider range. 
[0014] Preferably, the chuck further comprises two 

55 position sensors each of which detects a current posi- 
tion of a corresponding one of the two moving members 
and produces a detection signal indicating the detected 
current position of the one moving member. 



2 



.1117286A2_L> 



3 



EP1 117 286 A2 



4 



[001 5] Since the two position sensors detect the re- 
spective current positions of the two moving members, 
a control device, for example, which may be employed 
and connected to the linear motor can more accurately 
control, based on the detected current positions, the re- 
spective current positions of the two moving members 
of the linear motor. This contributes to improving a po- 
sitioning accuracy with which the chuck holds the object. 
[001 6] Preferably, the chuck further comprises two or- 
igin sensors each of which detects a corresponding one 
of the two moving members which is currently posi- 
tioned at an origin position thereof. 
[0017] Since the two origin sensors detect the two 
moving members being currently positioned at their or- 
igin positions, the above control device can control, 
based on the detected origin positions, the respective 
movements of the two moving members of the linear 
motor. This contributes to facilitating the control to open 
and close the chuck. 

[001 8] Preferably, the chuck further comprises a con- 
trol device including a symmetric-movement control por- 
tion which controls, based on the respective detection 
signals produced by the two position sensors, the linear 
motor to move the two moving members symmetrically 
with respect to a centerline of the chuck. 
[001 9] The present chuck can hold an object symmet- 
ric with respect to a plane, in a state in which the plane 
contains a centerline of the chuck. 
[0020] Preferably, the chuck further comprises a con- 
trol device including an asymmetric-movement control 
portion which controls, based on the respective detec- 
tion signals produced by the two position sensors, the 
linear motor to move the two moving members asym- 
metrically with respect to a centerline of the chuck. 
[0021] The present chuck is suitable for holding an 
asymmetric object. 

[0022] Preferably, the chuck further comprises a con- 
trol device including an object-dependentcontrol portion 
which controls, based on the respective detection sig- 
nals produced by the two position sensors, the linear 
motor to move the two moving members to respective 
opened positions where the two holding members sup- 
ported by the two moving members are distant from 
each other by a distance greater than a prescribed di- 
mension of the object by a predetermined distance and 
then move the two moving members toward each other 
at respective speeds equal to each other 
[0023] The present chuck can hold, or release, the ob- 
ject in a short time, andean position, and hold, the object 
at a desired position. 

[0024] Preferably, the chuck further comprises a con- 
trol device including a holding-force control portion 
which controls a holding force with which the two holding 
members hold the object. 

[0025] The present chuck can hold, with an appropri- 
ate holding force, an object which is easily deformable 
or highly fragile. 

[0026] Preferably, the chuck comprising two linear 



motors one of which includes two first moving members 
that are movable toward, and away from, each other In 
a first direction and the other of which includes two sec- 
ond moving members that are movable toward, and 

5 away from, each other in a second direction perpendic- 
ular to the first direction, and the first and second moving 
members cooperate with each other to hold the object 
in the first and second directions. 
[0027] The present chuck can more reliably hold the 

10 object and, in particular, it is advantageous for holding 
an object having a shape asymmetric with respect to 
both of two planes which are respectively perpendicular 
to the first and second directions. 
[0028] A second aspect of the present invention pro- 

is vides a system for mounting at least one electric com- 
ponent on a circuit substrate, comprising a chuck as 
aforementioned; a chuck moving device which moves 
the chuck to an arbitrary position in a movement area 
parallel to a substantially horizontal plane; a supplying 

20 device which is provided in the movement area and 
which supplies the electric component to the chuck; and 
a supporting device which Is provided in the movement 
area and which supports the circuit substrate on which 
the electric component is to be mounted by the chuck. 

25 [0029] Since the present EC mounting system em- 
ploys the chuck which can hold various sorts of objects 
in a wide rage as described above, the mounting system 
enjoys a high degree of freedom in the meaning that it 
can mount various sorts of ECs on a circuit substrate. 

30 [0030] Preferably, the mounting system further com- 
prises a chuck elevating and lowering device which el- 
evates and lowers the chuck in respective directions 
perpendicular to the substantially horizontal plane. 
[0031] Since the present EC mounting system in- 

35 eludes the chuck elevating and lowering device which 
elevates and lowers the chuck, the mounting system 
can lower and elevate the chuck to take an EC from the 
EC supplying device and/or mount the EC on the circuit 
substrate. Therefore, the present mounting system 

40 need not lower or elevate the EC supplying device or 
the substrate supporting device to take out the EC from 
the supplying device or mount the EC on the circuit sub- 
strate supported by the supporting device. Thus, the 
overall construction of the EC mounting system can be 

45 simplified, 

[0032] Preferably, the mounting system further com- 
prises an image taking device which takes an image of 
the electric component held by the chuck; and a modi- 
fying device which determines, based on image data 

50 representing the image taken by the image taking de- 
vice, at least one positional error of the electric compo- 
nent held by the chuck and modifies, based on the de- 
termined positional error, at least one movement 
amount of the chuck moving device so as to move the 

55 chuck to a position where the positional error of the elec- 
tric component is zero relative to the circuit substrate 
supported by the supporting device. 
[0033] In the case where the EC held by the chuck 
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has at least one positional error (e.g., a horizontal-posi- 
tion error in an X-axis direction or a Y-axis directioin, 
and/or an angutar-phase error about a Z axis perpen- 
dicular to the X and Y axes), the present EC mounting 
system can mount the EC on the circuit substrate after 
correcting the positional error or errors. Thus, the 
present mounting system enjoys a high accuracy with 
respect to the position or positions at which the system 
mounts the EC on the circuit substrate. However, as de- 
scribed above, the chuck can enjoy a high accuracy with 
respect to the position or positions at which the chuck 
holds the EC. In the latter case, the image taking device 
and the modifying device may be omitted. 
[0034] The EC mounting system may employ, in place 
of the modifying device, a correcting device which de- 
termines, based on the image data representing the im- 
age taken by the image taking device, one or more po- 
sitional errors of the EC held by the two pairs of moving 
members and corrects, based on the determined posi- 
tional error or errors, the erroneous position or positions 
of the EC, by correcting the respective current positions 
of the two pairs of moving members. In the last case, it 
is preferred that each pair of moving members which 
are moved toward, and away from, each other in first 
directions be moved by a small distance in each of sec- 
ond directions perpendicular to the first directions, and 
be biased toward respective neutral positions thereof by 
respective biasing members such as elastic members. 
In this case, when the respective current positions of the 
one or first pair of moving members are corrected by 
moving those members, the other or second pair of mov- 
ing members follow the movement of the first pair of 
moving members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The above and other objects, features, advan- 
tages and technical and industrial significance of the 
present invention will be better understood by reading 
the following detailed description of preferred embodi- 
ments of the invention, when considered in connection 
with the accompanying drawings, in which: 

Fig. 1 is a schematic plan view of an electric-com- 
ponent (EC) mounting system to which the present 
Invention is applied; 

Fig. 2 is a side elevation view of a linear-motor-driv- 
en chuck and its vicinity of the EC mounting system; 
Fig. 3 is a front elevation view of the linear-motor- 
driven chuck and its vicinity of the EC mounting sys- 
tem; 

Fig. 4 is a plan view of the linear-motor-driven 
chuck; 

Fig. 5 is a front elevation view of the linear-motor- 
driven chuck; 

Fig. 6 is a cross-sectioned, side elevation view of 

the linear-motor-driven chuck; 

Fig. 7 is a view for explaining the manner in which 



two holding jaws are detached from two moving 
members of the linear-motor-dhven chuck; 
Fig. 8 is a diagrammatic view of a control device of 
the EC mounting system; 
5 Fig. 9 is a flow chart representing an electric-circuit 
assembling routine as one of control programs ac- 
cording to which the control device controls the EC 
mounting system; 

Fig. 1 0 is a flow chart showing detailed steps of Step 
10 S3 of the flow chart of Fig. 9; 

Fig. 11 is a flow chart showing detailed steps of Step 

S7 of the flow chart of Fig. 9; and 

Fig. 12 is a bottom view of a linear-motor-driven 

chuck as a second embodiment of the present in- 
'5 vention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

20 [0036] Fig. 1 is a plan view of an electric-component 
(EC) mounting system to which the present invention is 
applied. The present EC mounting system includes a 
base 10; and a board conveyor 12, two EC supplying 
devices 16 and an EC mounting device 18 which are 

25 provided on the base 10. The board conveyor 12 con- 
veys a printed wiring board 1 4 as a circuit substrate, and 
positions and supports the board 14 at a predetermined 
EC-mount station. Thus, the board conveyor 12 also 
functions as a circuit-substrate supporting device. Each 

30 of the two EC supplying devices 16 includes a feeder 
table 20, and a plurality of EC feeders 1 9 which are de- 
tachably attached to the feeder table 20 such that re- 
spective EC-supply portions of the feeders 19 are ar- 
ranged along a straight line parallel to an X-axis direc- 
ts tion. Each of the EC feeders 1 9 stores a number of elec- 
tric components (ECs) of one sort, and supplies the 
ECs, one by one, from the EC-supply portion thereof. 
Each of the two feeder tables 20 is movable, while being 
guided by a pair of guide rails 22, between an EC-supply 

"to position and a retracted position in a Y-axis direction 
perpendicular to the X-axis direction. 
[0037] The EC mounting device 18 includes an X-Y 
moving device, which includes four columns 26 which 
stand on the base 10; two guide rails 28 which are hor- 

^5 izontally supported by the columns 26 such that the 
guide rails 28 extend parallel to the Y-axis direction; two 
feed screws 30; two Y-axis motors (servomotors) 32; a 
Y-axis slide 40 which is provided with two nuts (not 
shown) threadedly engaged with the two feed screws 

50 30, respectively, and is moved in the Y-axis direction by 
the screws 30 and the motors 32 while being guided by 
the guide rails 28; a feed screw 36; an X-axis motor (ser- 
vomotor) 38; and an X-axis slide 40 which is provided, 
together with the feed screw 36 and the X-axis motor 

55 38, on the Y-axis slide 40 and is moved in the X-axis 
direction by the screw 36 and the motor 38. 
[0038] The X-axis slide 40 supports an EC holding 
head 44 which receives an EC 134 (Fig. 2) from an ap- 
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propriate one of the two EC supplying devices 16, and 
conveys the EC 134 to a position above the printed 
board 14 positioned and supported by the board con- 
veyor 12, along an EC-convey path below which an im- 
age taking device 48 including a line image sensor 46 
is provided. 

[0039] As shown in Figs. 2 and 3, the EC holding head 
44 includes an elevator member 50, as a main member 
thereof, that is supported by the X-axis slide 40 such 
that the elevator member 50 is movable upward and 
downward. The elevator member 50 is moved up and 
down by a feed screw 54 and a Z-axis motor (servomo- 
tor; Fig. 8) 56 while being guided by a pair of guide rails 
52 provided on the X-axis slide 40. Reference numeral 
58 designates a timing pulley as a transmitting device 
which transmits the rotation of the Z-axis motor 56 to the 
feed screw 54. The elevator member 50 supports a ro- 
tatable shaft 62 via bearings 60 such that the rotatable 
shaft 62 is rotatable about a vertical axis line thereof rel- 
ative to the elevator member 50 and is not movable in 
directions parallel to the axis line relative to the same 
50. The rotatable shaft 62 is rotated by a 6 -axis motor 
(servomotor) 64 via a pinion 66 and a gear (scissors 
gear) 68. 

[0040] A main portion of the gear 68 is integral with a 
lower end portion of the rotatable shaft 62. A linear-mo- 
tor-driven chuck 72 as an EG holder is detachably at- 
tached to the main portion of the gear 68. More specif- 
ically described, an attaching member 76 is fixed to the 
main portion of the gear 68 via two connecting rods 74, 
and a stator 82 of a linear motor 80 as a main member 
of the chuck 72 is detachably attached to the attaching 
member 76. The linearmotor 80 is a linear DC brushless 
motor, and includes, in addition to the above-indicated 
stator 82, two moving members 84, 86, and two guide 
members 88 for guiding the moving members 84, 86 in 
directions parallel to a lengthwise direction of the stator 
82. 

[0041 ] The stator 82 includes a main portion 90 which 
is formed of an aluminum alloy as a non-magnetic ma- 
terial, and a number of permanent magnets 92 which 
are fixed to the main portion 90. Each of the permanent 
magnets 92 has an elongate shape like a square bar, 
and one of opposite elongate side surfaces thereof has 
a north pole (IM-pole) and the other long side surface has 
a south pole (S-pole). The main portion 90 supports the 
magnets 92 such that the N-poles and the S-poles are 
alternate with each other in the lengthwise direction of 
the stator 82. The N-pole and S-pole side surfaces of 
each magnet 92 somewhat project from opposite side 
surfaces of the main portion 90. The N-poles (or S- 
poles) on one of the opposite side surfaces of the main 
portion 90 and the N-poles (or S-poles) on the other side 
surface of the main portion 90 provide a zigzag pattern 
in a plan view. 

[0042] Each of the two moving members 84, 86 in- 
cludes two iron cores 96 which face the opposite two 
side surfaces of the main portion 90 of the stator 82, 



respectively. Respective lower end portions of the two 
cores 96 are connected to each other by a connecting 
table 98. Thus, each of the moving members 84, 86 has 
a generally U-shaped cross section. A U-phase coil, a 

5 V-phase coll, and a W-phase coil are wound around 
each core 96 to provide a coil unit. Each of the two coil 
units is designed such that under control of an electric 
current supplied to a corresponding one of the two mov- 
ing members 84, 86. the each coil unit produces a force 

10 to linearly move the one moving member 84, 86 along 
the stator 82 owing to the interaction between the mag- 
netic force produced by the each coil and the respective 
magnetic forces of the permanent magnets 92 of the sta- 
tor 82. 

15 [0043] The respective movements of the two moving 
members 84, 86 are guided by the two guide members 
88 fixed to the opposite side surfaces of the main portion 
90 of the stator 82. Two sliders 1 00 are fixed to opposed 
inner surfaces of each of the U-shaped moving mem- 

20 bers 84, 86, respectively, and are engaged with the two 
guide members 88, respectively, via balls (not shown). 
Thus, each of the moving members 84, 86 is lightly 
moved along the guide members 88. 
[0044] Respective origin positions of the two moving 

25 members 84, 86 correspond to respective lengthwise 
opposite ends of the stator 82. Two origin sensors 1 02, 
1 03 (Fig. 8) detect that the two moving members 84, 86 
are positioned, or not positioned, at their origin posi- 
tions, respectively. Two position sensors 104, 106 (Fig. 

30 8) detect respective positions of the two moving mem- 
bers 84, 86 as respective distances thereof as meas- 
ured from the respective origin positions. In the present 
embodiment, each of the origin sensors 1 02, 1 03 Is pro- 
vided by a transmission-type photoelectric sensor which 

35 includes a light emitting diode (LED) as a light emitter; 
a light receiver or detector for detecting a light emitted 
by the LED; and a shielding member which is provided 
on a corresponding one of the moving members 84, 86 
and which shields, when the one moving member 84, 

40 86 is positioned at its origin position, the light emitted by 
the LED and prevents the light from being detected by 
the light detector. However, the transmission-type pho- 
toelectric sensor may be replaced with a different sort 
of sensor, such as a reflection -type photoelectric sensor, 

45 a contact-type switch (e.g., a limit switch), or a proximity 
switch. In the present embodiment, each of the position 
sensors 1 04, 1 06 is provided by a magnetic linear scale 
("Magnescale") including a magnetic scale having mag- 
netic graduations and a magnetic-field detecting head 

50 which is moved on the magnetic scale while producing 
an electric signal indicating the current position of a cor- 
responding one of the moving members 84, 86. Howev- 
er, the magnetic linear scale may be replaced with an 
optical linear scale or a different sort of position sensor. 

55 The two position sensors 1 04, 1 06 may employ a single 
common magnetic scale. 

[0045] A pair of holding jaws 1 08, 1 09 which cooper- 
ate with each other to sandwich and hold the EC 134 
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are detachably attached to the respective tables 98 of 
the two moving members 84. 86. In the present embod- 
iment, a jaw storing device 11 5 (Fig. 1 ) stores a plurality 
of holding jaws 108, 109 of different sorts. The current 
pair of jaws 1 08, 1 09 can be replaced with a pair of jaws 
108, 109 of a different sort, depending upon the sort of 
new ECs to be mounted by the EC holding head 44. As 
shown in the enlarged view of Fig. 7, each of the two 
tables 98 supports an attaching member 110 and a po- 
sitioning pin 111, and each of the holding jaws 1 08, 1 09 
includes a tapered shank 112 having an annular groove 
113. In the state in which the tapered shank 1 1 2 of each 
jaw 108, 109 is fitted in a tapered hole of the attaching 
member 110, two arm portions of a U-shaped holding 
spring 114, supported by the attaching member 110, 
elastically engage the annular groove 1 1 3 of the tapered 
shank 112. Thus, each jaw 108, 109 is prevented from 
coming off the attaching member 110. In addition, the 
positioning pin 111 fits in a positioning recess formed in 
each jaw 108, 109, thereby preventing each jaw 108, 

109 from being rotated about its tapered shank 112. 
Thus, each jaw 1 08, 1 09 is secured to the corresponding 
moving member 84, 86, such that the each jaw 108, 109 
is not movable relative to the corresponding moving 
member 84, 86. 

[0046] The present EC mounting system automatical- 
ly replaces the current pair of holding jaws 1 08, 1 09 with 
another pair of holding jaws 108, 109 which are stored 
in the jaw storing device 1 1 5, which is provided between 
the EC supplying devices 16 and the board conveyor 
12, as shown in Fig. 1 . When the replacement of the 
current jaws 108, 109 is needed, first, the EC holding 
head 44 is moved to a position above the jaw storing 
device 115, then the chuck 72 is moved down toward 
the device 115, subsequently a movable member of the 
device 115 is moved and engaged with the current jaws 
108, 109, and the chuck 72 is moved up, so that the 
current jaws 108, 109 are removed from the chuck 72 
and are stored in the device 1 1 5. The attachment of new 
jaws 108, 109 is carried out in an order opposite to the 
order of description. Since the jaw storing device 115 is 
not relevant to the present invention, no detailed de- 
scription and illustration are provided. In short, in the 
present embodiment, each jaw 108, 109 can be at- 
tached tO: and detached from, the attaching member 

1 1 0 by just applying a force greater than a threshold val- 
ue, to the each jaw 108, 1 09 in an axial direction of the 
tapered shank 112 thereof. Thus, the current jaws 108, 
109 can be easily exchanged with different jaws 108, 
109. 

[0047] The present EC mounting system is controlled 
by a control device 116 shown in Fig. 8. However, Fig. 
8 shows only portions of the EC mounting system that 
are relevant to the present invention. The control device 
1 1 6 is essentially provided by a computer 1 1 8 including 
a processing unit (PU) 120, a read only memory (ROM) 
122, a random access memory (RAM) 1 24, an input port 
126, an output port 128, and a bus iine for connecting 



10 

those elements 120, 122, 124, 126, 128 to one another. 
An image-data processing computer 130 which proc- 
esses image data representing the image taken by the 
image taking device 48, is connected to the input port 

5 126. In addition, the origin sensors 102, 103: the position 
sensors 104, 106, other sensors, and other computers 
are also connected to the input port 1 26. The output port 
128 is connected via respective drive circuits to the Y- 
axis motors 32, the X-axis motor 38, the Z-axis motor 

10 56, the e -axis motor 64, and the two moving members 
84, 86 of the chuck 72. The ROM 122 stores various 
control programs including an electric-circuit assem- 
bling routine represented by the flow charts shown In 
Figs. 9 to 1 1 . According to the electric-circuit assembling 

IS routine, the control device 116 controls the EC mounting 
system to automatically mount the ECs 1 34 on the print- 
ed wiring board 14 and thereby assemble an electric- 
circuit board 14. Hereinafter, there will be described the 
electric-circuit assembling operation which is carried out 

20 by the present EC mounting system. 

[0048] After the board conveyor 1 2 positions the print- 
ed wiring board 1 4 at the predetemnined position shown 
in Fig. 1, the control device 116 starts with Step SI to 
read out, from the RAM 124, control data relating to a 

25 current EC 134 which is to be mounted next on the print- 
ed board 14. This control data include identification (ID) 
data identifying the sort of current EC, a take-out posi- 
tion where the EC holding head 44 or the chuck 72 takes 
out the current EC 1 34 of that sort from one of the EC 

30 feeders 1 9 of the EC supplying devices 16, and a mount 
position where the chuck 72 mounts the current EC 134 
on the printed board 14. Step SI is followed by Step S2 
where the control device 1 1 6 moves the chuck 72 to the 
take-out position , and then by Step S3 where the control 

35 device 116 carries out an EC taking-out routine repre- 
sented by the flow chart of Fig. 1 0. First, at Step 811 of 
Fig. 1 0, the control device 116 opens the chuck 72. More 
specifically described, the control device 116 reads out, 
based on the ID data identifying the sort of current EC 

40 134, distance data indicating respective prescribed dis- 
tances of respective portions of the EC 134 that are to 
be held by the two holding jaws 108, 109, from a refer- 
ence position, i.e., the centeriine of the chuck 72. 
Then, the control device 1 1 6 opens each of the two mov- 

45 ing members 84, 86 to position a corresponding one of 
the two holding jaws 108, 109 at a position which is more 
distant from the reference position than a corresponding 
one of the read-out prescribed distances by a predeter- 
mined distance. 

50 [0049] The reference position, i.e., the centeriine of 
the chuck 72 coincides with the axis line of rotation of 
the rotary shaft 62 in the state in which the chuck 72 is 
attached to the attaching member 76. In the case where 
the EC 134 is one which has a plane-symmetric shape 

55 with respect to at least a first plane perpendiculariy in- 
tersecting the direction in which the two holding jaws 
1 08, 1 09 are moved toward, and away from, each other, 
the two jaws 1 08, 1 09 of the chuck 72 are opened sym- 
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metrically with respect to a second plane including the 
axis line of rotation of the rotatable shaft 62. On the other 
hand, in the case where the EC 134 is one which has 
an asymmetric shape with respect to the above-indicat- 
ed first plane, the two jaws 108: 109 are opened asym- 
metrically with respect to the above-indicated second 
plane. Thus, in the present embodiment, a portion of the 
control device 116 that carries out Step S 11 provides an 
object-dependent control portion. The same portion of 
the control device 116 provides a symmetric-movement 
control portion in the case where the EC 134 is plane- 
symmetric, and provides an asymmetric-movement 
control portion in the case where the EC 1 34 is asym- 
metric. 

[0050] After the chuck 72 is opened in this way, the 
control of the control device 11 6 goes to Step SI 2 where 
the control device 116 controls the Z-axis motor 56 to 
move the elevator member 56 downward to a height po- 
sition where the chuck 72 can hold the current EC 1 34. 
Step 812 is followed by Steps 813 to 816 to close the 
chuck 72 and thereby hold the EC 134. The EC 134 in- 
dicated at two-dot chain line in Fig. 3 is the thinnest one 
of a plurality of sorts of ECs which can be held by the 
chuck 72. Since the chuck 72 can be largely opened, 
the chuck 72 can hold an EC having a thickness equal 
to more than several times the thickness of the EC 1 34. 
The EC 134 can have, in a direction perpendicular to 
the direction in which the EC 134 is held by the chuck 
72, such a dimension as indicated at two-dot chain line 
in Fig. 2. Since the elevator member 50 or the chuck 72 
can be largely elevated and lowered, the EC 134 is al- 
lowed to have a height (i.e., a vertical dimension) which 
can change in a wide range. 

[0051] The current EC 134 is fed to, and positioned 
at, a prescribed position by one of the EC feeders 1 9 of 
the EC supplying devices 16. Therefore, in a state in 
which the chuck 72 being opened has been moved 
down, the two holding jaws 108, 109 are horizontally dis- 
tant from respective outer surfaces of the EC 1 34 by re- 
spective small distances equal to each other. Then, the 
chuck 72 is closed by moving the two moving members 
84, 86 at respective speeds equal to each other. When 
the two holding jaws 108, 109 contact the respective 
outer surfaces of the EC 134, the moving members 84, 
86 are stopped because they cannot be moved any 
more. The holding force with which the two jaws 108, 
1 09 hold the EC 1 34 is controlled at an appropriate force 
by the control device 116 by controlling, based on the 
ID data indicating the sort of current EC 134 read out at 
Step 81 , the respective electric currents supplied to the 
respective coil units of the two moving members 84, 86. 
The above appropriate force is appropriate for the cur- 
rent EC 1 34 in the meaning that that force is not so great 
as to break the EC 134 or so small as to fail to hold the 
same 134. If the two moving members 84, 86 are thus 
stopped, a positive judgment is made at Step 814, and 
the control goes to Step 81 5 to keep still the two moving 
members 84, 86. More specifically described, the con- 
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trol device 116 controls the respective electric currents 
supplied to the respective coil units of the two moving 
members 84, 86, such that the two holding jaws 108, 
1 09 hold the EC 1 34 with the appropriate force and such 

5 that the two moving members 84, 86 are not moved from 
the respective stopped positions. For example, if the first 
member 84 applies, to the EC 134, a force somewhat 
greater than that applied by the second member 86, 
then the two members 84, 86 holding the EC 134 move 

10 rightwardin Fig. 3, which is detected by the position sen- 
sors 104, 106. Therefore, the control device 116 de- 
creases the electric current supplied to the coil unit of 
the first moving member 84, or increases the electric 
current supplied to the coil unit of the second moving 

15 member 86, so that the two members 84, 86 holding the 
EC 134 are moved leftward. Whether the control device 
1 1 6 should decrease the first current supplied to the first 
member 84 or increase the second current supplied to 
the second member 86 depends on which one of de- 

20 creasing the first current or increasing the second cur- 
rent is more appropriate for producing the appropriate 
holding force. In this way, the control device 116 controls 
the two moving members 84, 86 to hold the EC 34 with 
the appropriate holding force and to be kept still at the 

25 respective stopped positions. In this state, the control 
device 116 carries out Step SI 6 to move the chuck 72 
upward and thus take out the EC 134 from the EC sup- 
plying devices 16. 

[0052] After the EC 1 34 is thus taken out, the control 

30 of the control device 116 goes to Step S4 to move the 
chuck 72 to an image-take-start position, and then to 
Step S5 to control the image taking device 48 to take an 
image of the EC 1 34 held by the chuck 72. In the present 
embodiment, the image taking device 48 includes the 

35 line-image sensor 46 which includes an array of CCDs 
(charge coupled devk^es). Therefore, when the chuck 
72 is moved at a prescribed speed from the image-take- 
start position in the Y-axis direction, the line-image sen- 
sor 46 iteratively takes respective line images of the EC 

40 134 at respective predetermined intervals of time, so 
that image data representing an image of the entirety of 
EC 134 as a group of the line images are obtained by 
the image taking device 48. The image-data processing 
computer 130 compares the thus obtained image data 

45 with correct image data, pre-stored in the RAM 1 24, rep- 
resenting a correct image of EC 1 34 which is correctly 
held by the chuck 72, i.e.. at respective correct positions 
in the X-axis and Y-axis directions and at a correct an- 
gular phase (or rotation position) about the Z-axis direc- 

50 tion. Consequently the computer 130 calculates respec- 
tive positional errors, A X, A Y, of a reference position of 
the EC 1 34 from the respective correct positions in the 
X-axis and Y-axis directions, and an angular-phase er- 
ror, AO , of the EC 1 34 about a straight line which passes 

55 through the reference position, parallel to the Z-axis di- 
rection, i.e., perpendicularly to the X-axis and Y-axis di- 
rections. The image-data processing computer 1 30 sup- 
plies error data representing the thus calculated errors 
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A X, A Y, A e to the control device 1 1 6 or the computer 
118. 

[0053] After the image of the EC 1 34 is taken at Step 
S5, the control device 116 moves the chuck 72 to the 
mount position indicated by the control data read out at 
Step SI . During this movement of the chuck 72, the im- 
age-data processing computer 130 supplies the error 
data representing the errors AX, AY, A 6 to the control 
device 116. Consequently the control device 116 stops 
the chuck 72 at respective X-axis-direction and Y-axis- 
direction positions and an angular phase which have 
been obtained by modifying, by the errors AX, AY, A 0 , 
the correct or nominal X-axis-direction and Y-axis- di- 
rection positions and the correct angular phase. Step 
S6 is followed by Step S7 to carry out an EC mounting 
routine represented by the flow chart of Fig. 11 . At Step 
S21 of Fig. 11 , the control device 116 moves the chuck 
72 downward to press the EC 1 34 against the printed 
wiring board 14 and temporarily fix the same 134 with 
an adhesive which has already been applied to the 
board 14. Step S21 is followed by Step S22 to open the 
chuck 72, and then by Step S23 to move the chuck 72 
upward. 

[0054] After the current EC 1 34 has been mounted on 
the printed wiring board 14, the control goes to Step 88 
of Fig. 9 to judge whether all the ECs 134 to be mounted 
on the board 14 have been mounted on the board 14. If 
a negative judgment is made at Step S8, the control de- 
vice 116 repeats Step S 1 and the following steps. Mean- 
while, if a positive judgment Is made at Step S8, the cur- 
rent control cycle according to the electric-circuit assem- 
bling routine of Fig. 9 is finished. 
[0055] In the EC mounting system described above, 
the linear-motor-driven chuck 72 includes the two hold- 
ing jaws 108, 109 for sandwiching the EC 134 in one 
direction and thereby holding the same 134. However, 
the chuck 72 may be replaced by a different linear-mo- 
tor-driven chuck 142 shown in Fig. 12. The chuck 142 
includes two linear motors 80 including four moving 
members 138, 139, 140, 141 , two 138, 139 of which are 
moved toward, and away from, each other in a first di- 
rection, the other two 140, 141 of which are moved to- 
ward, and away from, each other in a second direction 
perpendicular to the first direction, and all of which co- 
operate with one another to hold an EC. The two linear 
motors include a common stator 144 having four ami 
portions which extend radially outward and are equian- 
gularly spaced from one another about a vertical cen- 
terline of the chuck 142. Since the four moving members 
138-141 may interfere with one another around the cen- 
teriine of the chuck 142, the shapes and sizes of ECs 
that can be held by the chuck 1 42 are somewhat limited. 
However, in the case where each of the four moving 
members 138-141 has a shape overhanging or project- 
ing toward the centerline, the chuck 1 42 can hold even 
an EC having a small size. 

[0056] Two pairs of holding jaws 1 08, 1 09 are detach- 
ably attached to the two pairs of moving members 
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138-141, respectively. In this case, it is preferred that 
each of the four jaws 1 08, 1 09 be supported by a corre- 
sponding one of the four moving members 128-141. 
such that the each jaw 108, 109 is movable relative to 
5 the one moving member 1 38-141 In directions perpen- 
dicular to the directions in which the each jaw is moved 
with the one moving member, and be biased by a biasing 
member such that the each jaw is normally biased to- 
ward a neural position thereof. More specifically de- 

10 scribed, for example, the above-described attaching 
member 110 is attached to each of the four tables 98 of 
the chuck 142, such that the attaching member 110 is 
movable, owing to a stepped screw and an elongate 
hole, relative to the each table 98 in the directions per- 

15 pendicular to the directions in which the corresponding 
pair of holding jaws 108, 109 are opened and closed, 
and a spring member as the biasing member biases the 
attaching member 1 1 0 toward its neutral position. In this 
case, when one pair of jaws 1 08, 1 09 hold an EC after 

20 the other pair of jaws 108, 109 have held the EC, the 
EC is allowed to be moved by a small distance by elastic 
deformations of the two spring members associated 
with the other pair of jaws 108: 109. Thus, in this case, 
it is not essentially required that the EC be simultane- 

25 ously held by the two pairs of jaws 1 08 , 1 09. That is, the 
EC may be held first by one pair of jaws and then by the 
other pair of jaws. In addition, in the state in which the 
EC is held by the two pairs of jaws, each of respective 
positions of the EC relative to the chuck 142 in the first 

30 and second directions may be changed or adjusted by 
moving a corresponding one or ones of the four moving 
members 138-141 relative to the stator 144. 
[0057] In each of the illustrated embodiments, the 
control device 116 controls the respective electric cur- 

35 rents supplied to the respective coil units of the two mov- 
ing members 84, 86 or the four moving members 
138-141, so that the two or four holding jaws 108, 109 
hold an EC with a holding force suitable for the sort of 
EC while being kept still at the respective stopped posi- 

40 tions- However, the control device 116 may be so mod- 
ified as to control the respective positions of the two or 
four moving members 84, 86, 1 38-141 in such a manner 
that the two or four holding jaws 1 80, 1 09 are kept still 
at respective positions where the jaws 1 08, 1 09 first con- 

45 tact an EC. 

[0058] Each feature disclosed in this specification 
(which temi includes the claims) and/or shown in the 
drawings may be incorporated in the invention inde- 
pendently of other disclosed and/or illustrated features. 

50 [0059] Statements in this specification of the "objects 
of the invention" relate to preferred embodiments of the 
invention, but not necessarily to all embodiments of the 
invention falling within the claims. 
[0060] The description of the invention with reference 

55 to the drawings is by way of example only. 

[0061 ] The text of the abstract filed herewith is repeat- 
ed here as part of the specification. A chuck (72; 142) 
for holding an object (134), including one or more linear 
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motors (80) which include one or more linear staters (82; 
144), two or more moving members (84, 86; 138-141) 
which are movable along the linear stator or stators, in- 
dependent of each other, and one or more guide mem- 
bers (88) which guide each of the two or more moving 
members along the linear stator or stators. and two or 
more holding members (108, 109) which are supported 
by the two or more moving members, respectively, and 
which cooperate with each other to hold the object. 

Claims 

1 . A chuck (72; 1 42) comprising: 

at least one motor (80) which includes at least 
one stator (82; 144), two movable members 
(84, 86; 138, 139, 140, 141) each of which is 
independently movable relative to the stator, 
and at feast one guide member (88) for guiding 
each of the movable members relative to the 
stator; and 

two holding members (1 08, 1 09) each of which 
is supported by a respective movable member, 
for holding an object therebetween. 

2. A chuck according to Claim 1, further comprising 
means (60, 62, 64, 66, 68) for rotating the motor 
(80) about an axis line perpendicular to a lengthwise 
direction of the stator (82; 1 44). 

3. A chuck according to Claim 1 or Claim 2, wherein 
each of the two movable members (84, 86; 
138-141) comprises an attachment member (110) 
to which a corresponding one of the two holding 
members (108, 109) is detachably attached. 

4. A chuck according to any one of Claims 1 to 3, fur- 
ther comprising two position sensors (104, 106) 
each of which is arranged to detect a current posi- 
tion of a corresponding one of the two movable 
members (84, 86; 138-141) and produce a detec- 
tion signal indicating the detected current position 
of that movable member. 

5. A chuck according to any one of Claims 1 to 4, fur- 
ther comprising two origin sensors (102, 103) each 
of which is arranged to detect that a corresponding 
one of the two movable members (84, 86; 138-141) 
is positioned at an origin position thereof. 

6. A chuck according to Claim 4 or Claim 5, further 
comprising a control device (116) including a sym- 
metric-movement control portion (S11 ) for control- 
ling, based on the respective detection signals pro- 
duced by the two position sensors (104, 106), the 
motor (80) to move the two movable members (84, 
86; 138-141) symmetrically with respect to a cen- 



teriine of the chuck (72; 142). 

7. A chuck according to any one of Claims 4 to 6, fur- 
ther comprising a control device (116) including an 

5 asymmetric-movement control portion (S11) for 
controlling, based on the respective detection sig- 
nals produced by the two position sensors (104, 
1 06), the motor (80) to move the two movable mem- 
bers (84, 86; 138-141) asymmetrically with respect 

10 to a centeriine of the chuck (72; 142). 

8. A chuck according to any one of Claims 4 to 7, fur- 
ther comprising a control device (116) including an 
object-dependent control portion (S11) for control - 

15 ling, based on the respective detection signals pro- 
duced by the two position sensors (104, 106), the 
motor (80) to move the two movable members (84, 
86; 138-141 ) to respective opened positions where 
the two holding members (108, 109) supported by 

20 the two movable members are distant from each 
other by a distance greater than a prescribed di- 
mension and then move the two movable members 
toward each other at respective speeds. 

25 9. A chuck according to any one of Claims 1 to 8, fur- 
ther comprising a control device (116) including a 
holding-force control portion (S15) for controlling a 
holding force with which the two holding members 
(84, 86; 138-141) hold the object (134). 

30 

10. A chuck according to any one of Claims 1 to 9, com- 
prising two said motors (80) one of which includes 
two first movable members (1 38, 1 39) that are mov- 
able toward, and away from, each other in a first 

35 direction and the other of which includes two sec- 
ond movable members (140, 141) that are movable 
toward, and away from, each other in a second di- 
rection perpendicular to the first direction, wherein 
the first and second movable members cooperate 

40 with each other to hold an object (134) therebe- 
tween. 

11. A system for mounting at least one electric compo- 
nent (134) on a circuit substrate (14), comprising: 

45 

a chuck (72: 142) according to any one of 
Claims 1 to 10; 

a chuck moving device (30, 32, 34, 36, 38, 40) 
for moving the chuck to an arbitrary position in 
50 a movement area parallel to a substantially hor- 

izontal plane; 

a supplying device (1 6) which is provided in the 
movement area for supplying an electric com- 
ponent to the chuck; and 
55 a supporting device (12) which is provided in 

the movement area for supporting a circuit sub- 
strate on which an electric component is to be 
mounted by the chuck. 
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12. A system according to Claim 11 , further comprising 
a chuck elevating and lowering device (50, 52, 54, 
56, 58) for elevating and lowering the chuck (72; 
142) in respective directions perpendicular to the 
substantially horizontal plane. s 

13. A system according to Claim 1 1 or Claim 12, further 
comprising: 

an image taking device (48, 46) for taking an io 
image of an electric component (134) held by 
the chuck (72; 142); and 

a modifying devk^e (116, S6) for determining, 
based on image data representing the image 
taken by the image taking device, at least one is 
positional error of an electric component held 
by the chuck and modifying, based on the de- 
temiined positional error, at least one move- 
ment amount of the chuck moving device so as 
to move the chuck to a position where the po- 20 
sitional error of the electric component is zero 
relative to a circuit substrate (14) supported by 
the supporting device (12). 

25 
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